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We calculate the spectral density of the φ meson in a hot bath of nucleons and pions
using a general formalism relating self-energy to the forward scattering amplitude (FSA)
[1, 2]. In order to describe the low energy FSA, we use experimental data along with a
background term. For the high energy FSA, a Regge parameterization is employed. We
verify the resulting FSA using dispersion techniques. We find that the position of the peak
of the spectral density is slightly shifted from its vacuum position and that its width is
considerably increased. The width of the spectral density at a temperature of 150 MeV and
at normal nuclear density is more than 90 MeV.
I. INTRODUCTION
Electromagnetic decays of vector mesons are a good probe of the hot and dense state created after
a nucleus-nucleus collision. Indeed, the emitted lepton pairs, which carry the spectral information
of the vector meson at the moment of the decay, undergo a negligible distortion as they travel
through the dense medium [3]. This fact can in turn tell us about properties of the medium.
II. THEORY
We consider interactions with pions (pi) and nucleons (N) as scatterings of the φ meson that
contribute to its self-energy. In this approach the forward scattering amplitude (FSA) is composed
of a low energy and a high energy part. The latter is described by Regge parameterization whereas
former encompasses two terms, namely a resonance term modeled by Breit-Wigner functions and
background term. In the center of mass (c.m.) frame the low energy FSA is written as:
f c.m.φa (s) =
1
2qc.m.
∑
R
WRφa
ΓR→φa
MR −
√
s− 12 iΓR
− qc.m.
4pis
1 + exp(−ipiαP )
sin(piαP )
rPφas
αP (1)
Here the sum ranges over all Breit-Wigner resonances that decay into the φ meson and the particle
a which is either a nucleon or a pion. We now briefly explain the different variables involved. The
mass of the resonance R is MR and its total width is ΓR. s is the usual Mandelstam variable and
the magnitude of the c.m. momentum is given by:
qc.m. =
1
2
√[
s− (mφ +ma)2
] [
s− (mφ −ma)2
]
√
s
(2)
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where ma = mN ,mpi. W
R
φa are statistical spin/isospin averaging factors:
WRφa =
(2sR + 1)
(2sφ + 1)(2sa + 1)
(2tR + 1)
(2tφ + 1)(2ta + 1)
(3)
where si (with i generic) is the spin of particle i and ti is the isospin of that particle.
The effective width ΓR→φa takes the form [1]:
ΓR→φa =
{
ΓRBR→φa
(
qc.m.
qRc.m.
)2l+1
qc.m. ≤ qRc.m.
ΓRBR→φa qc.m. ≥ qRc.m.
(4)
where ΓR is the total width of the resonance R, BR→φa is the branching ratio of the decay R →
φa, qRc.m. =
1
2
q
[M2R−(mφ+ma)
2][M2R−(mφ−ma)
2]
MR
, and l is the minimal relative angular momentum
between φ and a. The case of the pions is a bit more complicated for the l = 0 case however, as
Adler’s theorem should be fulfilled. That is, the pion scattering amplitude on any hadronic target
vanishes when qc.m. → 0 in the limit of massless pions [1]. Consequently, the effective width for
l = 0 now must be rewritten as:
ΓR→φpi =
{
ΓRBR→φpi
(
s−m2φ−m
2
pi
s0−m
2
φ
−m2pi
)2
s ≤ s0
ΓRBR→φpi s ≥ s0
(5)
with s0 = (mφ +mpi +mρ)
2. Finally, the high energy FSA is well described by a Regge
parametrization of the form:
f c.m.φa (s) = −
qc.m.
4pis
∑
i
[
1 + exp(−ipiαi)
sin(piαi)
]
riφas
αi . (6)
where a can be a nucleon or a pion as mentioned before. The variables riφa and αi are Regge
residues and intercepts which are determined experimentally [4].
III. FORWARD SCATTERING AMPLITUDE
The real and imaginary parts of the FSA are plotted in Fig.1. These plots are made relative to
the rest frame of the heath bath. We use a dispersion relation in order to ensure that the matching
between the low energy and the high energy of the FSA is correctly done.
Re
[
f totalφa (Eφ)
]
= Re
[
f totalφa (0)
]
+
2E2φ
pi
P.V.
∫
∞
mφ
Im
[
f totalφa (E
′)
]
dE′
E′ (E′ + Eφ) (E′ − Eφ)
. (7)
If the difference between the real part of the FSA and the one calculated from the dispersion
relation is a constant, then the matching is perfect. Of course, it should not be expected that
our phenomenological approximations exactly obey the constraints that follow from the analytic
properties of the FSA [1] and therefore, some deviations should occur.
IV. SELF-ENERGY OF THE φ MESON
The forward scattering amplitude is related to the in-medium self-energy of the φ meson by [1]:
Πφa (E, p) = −4pi
∫
d3k
(2pi)
3na (ω)
√
s
ω
f
total,c.m.
φa (s) (8)
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FIG. 1: (a) The imaginary and (b) the real part of the FSA for both φN (solid line) scattering and φpi
scattering (dashed line).
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FIG. 2: Difference between the real part of the FSA in Fig. 1 (b) and the one calculated one from the
dispersion relation.
where E and p are the energy and momentum of the φ meson, ω2 = m2a + k
2, and na is either a
Fermi-Dirac or a Bose-Einstein distribution depending on the nature of a. The total self-energy is
given by:
Πtotalφ (E, p) = Π
vac
φ (M) + Πφpi (p) + ΠφN (p) (9)
The vacuum self-energy includes the charged and neutral φ → KK¯ channels as well as φ → ρpi
channel. The mass shift of the φ meson due to its interaction with the medium is:
∆mφ (p) =
√
m2φ +Re
[
Πtotalφ (p)
]
−mφ (10)
The mass shift for the φ meson is presented in Fig. 3 (a). The rate of dilepton production is
proportional to the imaginary part of the propagator due to vector meson dominance [3].
E+E−
dR
d3p+d3p−
∝
Im
[
Πtotalφ
]
{
M2 −m2φ − Re
[
Πtotalφ
]}2
+
{
Im
[
Πtotalφ
]}2 (11)
The imaginary part of the propagator is presented in Fig. 3 (b) where we clearly see the width
broadening of the φ meson.
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FIG. 3: (a) Change in mass of the φ meson as a function of p, nN and T . The results presented include four
different nucleon densities (namely 0, 1
2
n0, n0, 2n0 with n0 = 0.16 nucleons/fm
3) and two temperatures
(i.e. T = 100 MeV, T = 150 MeV). (b) The imaginary part of the φ meson propagator as a function of
invariant mass M , for a 3-momentum of 0.3 GeV and a temperature of 150 MeV. The results include three
nucleon densities (namely 1
2
n0, n0 and 2n0). The vacuum contribution is also displayed.
V. SUMMARY
The results show that the mass shift overall is small, reaching 38 MeV at most. There is a
significant broadening of the width of the φ meson however. At normal nucleon density and tem-
perature of 150MeV, the width more than 90 MeV. Our results are important for understanding
possible in-medium modifications of the φ meson strongly interacting environments. Studies to
estimate phenomenological implications are in progress [5].
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